The relevance of providing a rapid anticonvulsant monitoring service was assessed over a five year period at a paediatric epilepsy outpatient clinic. Altogether 481 drug assays were performed on 144 patients when considered clinically indicated. Drugs most frequently assayed were carbamazepine and sodium valproate, singly or in combination; 90% of assays performed for phenytoin were from patients who were also taking another anticonvulsant. There were only six assays for ethosuximide and 10 for phenobarbitone.
ethosuximide and 10 for phenobarbitone.
Physician's choice of drug dosage was recorded on a questionnaire before and after each assay result was known. Comprehensive patient details were analysed by a paediatric clinical pharmacologist, whose decision as to total daily anticonvulsant dosage was affected by knowledge of the drug concentration significantly less often than that of the clinicians for all the more commonly assayed drugs.
There were a large number of drug assays that had no discernable clinical application. A more discriminating use of assays may both improve patient management and reduce considerably the number of anticonvulsant assays required. Children Monitoring of anticonvulsant drugs is considered an essential part of the management of epilepsy.' 2 Confidence in the concept that attending to the plasma concentrations of these drugs is the main factor in treating most patients has lessened, however, and this is true in paediatric as well as adult practice. '5 Anticonvulsant monitoring is considered relevant to several areas of management. Firstly is it useful in those patients receiving drugs such as phenytoin or multiple treatment regimens in whom dose related toxicity or poor seizure control necessitates dosage adjustment. Secondly, it can be used as an aid in the assessment of toxicity particularly in those with mental or physical handicap, and possibly in young children. Thirdly, it is useful in the presence of systemic disease when drug handling may be affected unpredictably; finally it can be used in checking compliance.3 6 There is usually a delay of several hours or days between the taking of a specimen and a result being available to the clinician. The use of a monitoring service in which the result is immediately available clearly has potential advantages, as any relevant changes in drug treatment can be discussed and instituted without need for further consultation, direct or indirect. Apart from these practical advantages it has been difficult to show objectively a major effect on patient management.7 '8 This study documents the usefulness of such a service in a paediatric epilepsy clinic, but also assesses the effects on drug usage.
Patients and methods The study was conducted over a five year period from 1982 in the specialist epilepsy outpatient clinics at the Children's Hospital, Birmingham. The patients were seen by one of three consultants experienced in the management of paediatric epilepsy.
Those patients in whom drug assays were considered to be clinically indicated had capillary blood samples taken immediately after an initial interview. In each case, the clinician filled a specifically designed request form on which were not only relevant patient details, drug doses, and the time the last dose was given, but also the proposed course of management in the absence of knowledge of drug concentration.
Plasma drug concentrations of carbamazepine, sodium valproate, phenytoin, ethosuximide, and phenobarbitone were measured using the enzyme multiplied immunoassay technique.9 The results were available within 20 minutes.
Each patient was seen again and a continuing treatment regimen established using knowledge of the drug concentrations. At this point the clinician completed the form describing the action taken with knowledge of drug concentration.
At the end of the study period, each completed assay request form was transcribed by one investigator (PNH) onto a further form giving patient details as in the clinical request form but excluding the patient's name. In the great majority of cases, however, the patients' clinical records were also investigated so that a more detailed appraisal of disease activity, including a three tier arbitrary scale of severity and any recent trends, could be documented. These forms contained at least as much, and in most cases considerably more, information than would be provided on an assay request form. The other investigator, a paediatric clinical pharmacologist (GWR) examined these forms and in the absence of knowledge of drug concentration documented his proposed drug management strategy. The drug concentration was then added to the form and his opinion given in the light of the drug assay result. The 'investigating pharmacologist' thus emulated the clinician in being initially 'blind' to the drug concentration. An Figure 4 shows the percentage of drug doses changed for carbamazepine, sodium valproate, and phenytoin in relation to the concentration range in which the result fell. 
Figures in parentheses denote small sample numbers. Figure 4 Occasions on which dose changed by clinician in relation to concentration ranges for carbamazepine, sodium valproate, and phenytoin. The numbers are the total within the concentration range; *% oftotal within range. To convert mgll to lsmolll: carbamazepine, x4-2; sodium valproate, x6 9; and phenytoin, x4 0. Figure 5 Occasions on which dose increased in relation to current dosage rangefor carbamazepine, sodium valproate, and phenytoin. The numbers are the total within dosage range; *% of total wtthtn range.
Actions ofpharmacologist compared with clinician Table 2 shows the actions proposed by the paediatric pharmacologist, and these results relate to table 1 for the clinician. There were considerable differences between the actions of the clinicians and those of the paediatric pharmacologist. In approximately half of all assays the proposed course of action differed between the two, both before and after knowledge of drug concentration. Figure 5 compares the actions of clinician and pharmacologist with respect to weight related total daily dose before drug concentration was known. In this figure only those patients whose investigation forms had led to a designation of moderately severe or severe epilepsy are included, as patients with mild epilepsy might be considered to be well enough controlled even if receiving low doses of anticonvulsants. The pharmacologist was considerably more likely to increase the dose throughout the range of doses but particularly so at the lower end of the dosage range.
Discussion
Knowledge of anticonvulsant plasma concentration affected the clinicians' treatment plans in only a small proportion of cases. Although these findings alone may suggest that therapeutic drug monitoring was simply a wasted exercise in the vast majority of cases, the only direct measure of the usefulness of such assays would be to assess clinical effectiveness in some way. Such a global study would be unlikely to succeed because, even with a relatively large sample size as in this study, there are too many variables of morbidity in the population of children with epilepsy as a whole, and with regard to time in an individual patient, for such a study to be objective.'0 Instead this study provides information about some of the factors involved in monitoring of anticonvulsant concentration, and is of value to the clinician in evaluating the need for an assay result in an individual case.
The changes in decision making by the clinicians were not evenly spread between the anticonvulsant drugs. We have shown that children exhibit saturation kinetics well within the clinical range of plasma concentrations for phenytoin (fig 3) . 12 This would be a contributory factor in accounting for the large number of samples where the plasma concentration was barely detectable and also the significant number well above the recognised therapeutic range of plasma concentrations. This unpredictability of the plasma concentration would also explain the considerably increased number of changes of decision after knowledge of the concentration made by the clinician for phenytoin over other anticonvulsants. In contrast, for carbamazepine there were few changes of decision and as might be expected, the plasma concentrations of the assays formed a fairly symmetrical distribution around the recognised therapeutic range indicating a high level of predictability. It has recently been reported in adult practice that changes to treatment dosage are made throughout the range of drug concentrations (MJ Brodie. Abstract presented at 4th biannual British/Danish/Dutch epilepsy congress, Amsterdam, September 1988) but, in this study and for carbamazepine at least, there was a strong tendency for the clinician not to change dosage when the drug concentration was in the middle of the therapeutic range (fig 4) . For sodium valproate there appears to be some confidence in a lower limit for therapeutic range but there is no evidence from these data that there is a well defined upper limit for desirable drug concentration. This supports the current view that plasma concentrations of sodium valproate are a poor predictor of efficacy.'3 14 The relevance of plasma monitoring for valproate is further put into question when it is considered that although we found that there was a highly significant correlation between the weight related dose and plasma concentration, the wide scatter of results meant that only just over 10% of this association could be accounted for by a linear correlation.
Comparison of the clinicians' and the paediatric pharmacologist's approach showed considerable differences. Tables 1 and 2 show that the pharmacologist was likely to change drug dosage significantly more often than clinicians for all the more commonly assayed drugs. But in terms of changes in decision making in the light of knowledge of drug concentration, the pharmacologist made even fewer decision changes than the clinician. In looking for an explanation for these differences there were obviously factors which could not be controlled for, particularly the fact that the clinicians actually saw the patients and their families so that decisions were based on relationships between doctor and patient and these could not be transcribed to a written form. Further scrutiny of the results, however, suggests that much of this difference might be accounted for by the pharmacologist tending to increase dosage proportionally more than the clinicians at the lower end of the weight related dosage range. Only those patients having repeated fits are included in this assessment, as those patients free of fits must be considered to be well controlled. Figure 5 confirms that the pharmacologist was considerably more likely to increase the dose throughout the range of dosages but particularly so at the lower dosages. In other words the pharmacologist seemed more aware of the concept of achieving a more appropriate weight related dose than the clinician.
As most assays were performed when the clinician had little apparent intention of changing the drug dosage regimen even without knowledge of drug concentration, it might be supposed that these assays were being done to assess toxicity or compliance. It is perhaps surprising that although there were many phenytoin concentrations well above the recognised plasma therapeutic range, there was only one case of documented toxicity for this drug. '5 Toxicity therefore must have had little effect on the proportion of decision changes. Although compliance is accepted to be a major factor in problems of management, this study showed that in only a small number of cases was the discovery or the assessment of the non-compliance significantly attributable to the assays.
The epidemiological data in this study can have only indirect relevance to the population of children with epilepsy as a whole. For example, in assessing toxicity, the data are of value only for dose related events, and so give no information about the incidence of such idiosyncratic reactions as carbamazepine induced rashes. Similarly the data on the type of epilepsy are more reflective of the apparent need for anticonvulsant monitoring than the distribution of epilepsies in childhood. Compared with carbamazepine and sodium valproate, only a small minority of phenytoin assay samples were from patients not taking another anticonvulsant, so that phenytoin appears to be a 'second line' drug in paediatric practice.
A rapid drug monitoring service is expensive, and in this case the cost was at least double that of a conventional drug monitoring service. The cost is in part proportional to the number of assays performed at each clinic session. The advantage of rapid monitoring to this type of study, however, is that it provides the opportunity for the clinician to document a judgment on drug treatment strategy before and after knowledge of the drug concentration without allowing the passage of time to reduce the power of the comparability between the two decisions. A rapid assay service must also be directly advantageous to patient management. In the area of compliance this study has shown that patients do not always receive the intended continuing dosage regimen even with the rapid assay service. Taking into account the practical advantages of communicating directly with the patient, the efficiency of the service cannot be measured merely by comparing basic costs. As in no case did the clinician make any change in decision after knowing the drug concentration for ethosuximide, however, the cost of this drug assay may not be justified.
In conclusion, this study has shown that a large proportion of drug measurements have no discernable clinical application. Differences between the pharmacological characteristics of individual anticonvulsant drugs have been shown but the clinician often does not use the data provided appropriately. A more discriminating use of data from assays may both improve patient management and cut down considerably on the number of anticonvulsant assays required. 
